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ABSTRACT 


Today, Molodtsov’s soft set has been generalised to hypersoft sets, and the use of hypersoft set the- 
ory for uncertain data has become more preferable than soft sets. However, the membership degree 
of an object in hypersoft sets is 0 or 1.1n order to express this situation in the range (0, 1), many math- 
ematical models have been constructed by considering hypersoft sets together with fuzzy sets and 
their derivatives. However, these mathematical models require the decision-maker to express the 
membership degrees. It is a very difficult task for a decision-maker to determine a value in (0, 1) and 
the probability of an error is very high. For this reason, the concepts relational hypersoft member- 
ship degree and inverse relational hypersoft membership degree, which are given less dependent 
on decision-makers, are proposed in this paper. Moreover, two decision-making algorithms are given 
to use these concepts in an environment of uncertainty. Finally, the decision-making process for the 


given algorithms is analysed. 


1. Introduction 


Uncertain data encountered in many fields need to be 
addressed during data analysis to increase the robust- 
ness of the results. Since classical mathematics cannot 
successfully model uncertain data, researchers have 
made different efforts. Fuzzy set theory, one of the first 
results of these efforts, was proposed by Zadeh (1965). 
This theory, which can express the belonging (i.e. 
membership degree in the range [0, 1]) of an element 
to any set, is a very successful mathematical model. In 
particular, it is noteworthy that membership degrees, 
which are only expressed as 0 and 1 in classical mathe- 
matics, are generalised. However, fuzzy sets have some 
difficulties in modelling uncertainty problems, espe- 
cially in the application phase. Molodtsov (1999), who 
thinks that the main reason for these difficulties is the 
lack of a parameterisation tool, introduced the soft 
set theory to the literature in 1999. Since these sets 
allow us to express objects associated with a partic- 
ular parameter set, better mathematical models for 
uncertainty problems can be developed. Moreover, this 
theory has been successfully applied in many fields 
such as the theory of measurement, game theory, Rie- 
mann Integration, smoothness of functions and so on. 
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Since this theory proposed by Molodtsov can suc- 
cessfully express uncertain situations, the application 
areas of soft sets continue to increase rapidly (Bordbar 
et al., 2021; Dalkilig, 2021b, 2021d; Dalkilig & Demir- 
tas, 2020, 2021a, 2021b; Demirtas & Dalkilic, 2020; 
Hayat et al., 2020; Sarwar et al., 2021). 

The contribution of the parameterisation tool in 
soft set theory has led to the construction of different 
mathematical models. One of them is inverse soft sets 
(Cetkin et al., 2016), which offer a different approach to 
decision-making problems by considering the inverse 
of the mapping between parameter and object set in 
soft set theory. It can be said that the studies on inverse 
soft set theory have increased especially in recent 
years (Dalkilic, 2021a; Demirtas et al., 2020; Kamaci 
et al., 2018; Khalil & Hassan, 2019; Petchimuthu 
& Kamaci, 2019; Suebsan, 2019). Another important 
mathematical model is the hypersoft set theory intro- 
duced by Smarandache (2018). These sets are con- 
structed by replacing the approximate function of 
Molodtsov’s soft sets with the multi-argument approx- 
imation function. Moreover, the inverse hypersoft sets 
(Gilbert Rani & Muthulakshmi, 2020) are suggested 
for hypersoft set, inspired by inverse soft sets. 
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For all these mathematical models developed for 
uncertainty problems based on parametric data, the 
membership degrees are expressed as 0 and 1. In 
order to overcome this situation, many theories 
have been proposed by considering all these theo- 
ries together with fuzzy sets and their derivatives 
(Dalkilic, 2021b, 2021c; Demirtas & Dalkulic, 2019; 
Gilbert Rani & Muthulakshmi, 2020; Ihsan et al., 2021; 
Rahman et al., 2021; Saeed et al., 2021; Saqlain, 
Jafar, et al., 2020; Smarandache, 2018; Zulqarnain 
et al., 2021). However, the task of expressing the mem- 
bership degrees expressed in these theories is depen- 
dent on the decision-makers. In other words, the 
membership degree expressed by the decision-makers 
is directly accepted and the uncertainty is tried to be 
overcome. However, accurately expressing a member- 
ship degree in (0, 1) is quite a challenge. Therefore, the 
motivation of this paper is to express the membership 
degrees more mathematically as independently as pos- 
sible from the decision-makers. For this purpose, the 
concepts relational hypersoft membership degree and 
inverse relational hypersoft membership degree are 
proposed. Moreover, some of its properties are exam- 
ined and examples are given for a better understand- 
ing of the concepts. In addition, two algorithms are 
proposed to better construct the decision-making pro- 
cess of the proposed concepts under uncertain data. 
How these decision-making algorithms can be applied 
on an uncertainty problem is also illustrated. Finally, 
the decision-making process under uncertainty for the 
proposed algorithms is discussed. 


2. Preliminaries 


In this section, some theories from the literature are 
reminded to support the concepts expressed in the 
rest of the proposed paper. Some supporting infor- 
mation is also provided. More detailed explanations 
can be found in Smarandache (2018), Gilbert Rani 
and Muthulakshmi (2020), Saeed et al. (2020), Saqlain, 
Jafar, et al. (2020), Saqlain, Moin, et al. (2020), espe- 
cially for the hypersoft sets mentioned in this section. 

Throughout this paper; R = {r1,72,...,%m} is an 
initial universe and 2° is the power set of R. 


Definition 2.1 (Zadeh, 1965): A fuzzy set F over R is 
a set defined by wr : R > [0, 1]. wp is called the mem- 
bership function of F, and the value jup(r) is called the 
grade of membership of r € R. The value represents 


the degree of r belonging to the fuzzy set F. Thus a 
fuzzy set F over R can be represented as follows: 


F = {(up(r)/r) sr € R} (1) 


Example 2.2: Let R= {r,: yellow, rz: pink,73: 
orange, r4 : brown, rs : purble, re : blue} be a set of 
colours. If the memberships of yellow, pink, orange, 
brown, purble and blue are defined as 0.42, 0.36, 0.7, 
0, 0.85 and 0.2, respectively; then the fuzzy set Fon R 
can be written as 


F = {(0.42/r1), (0.36/12), (0.7/3), (0/4), (0.85/75), 
(0.2/16)} 


or 


F = {(0.42/r1), (0.36/12), (0.7/7r3), (0.85/15), 
(0.2/r6)}. 


Definition 2.3 (Gilbert Rani & Muthulakshmi, 2020; 
Smarandache, 2018): Let &, &,...,&,, for n > 1, be 
the distinct attributes whose corresponding attribute 
values belong to the sets 


ip, ) torah = mi, 
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ee | ee ee 


Py = (ph, p3,..-p2,-.-.p™} forl <b <m, 
Py = {pl,p2,....p,...,p™} for 1 <1, < my, 


respectively, where P; 1 Pj = 0 forl <i,j<nandi¥ 
j. Then, 


(i) a pair (®, P) is called a hypersoft set over R, where 
& is the mapping given by ® : P > 2%, where P = 
T]je1 Pi = Pi x Po x +++ X Py. Thus a hypersoft 
set (®, P) over R can be represented by the set of 
ordered pairs, 


(Pips. aoe Pi 
@({p!, p2,...,p'y)) : 

(0, py = | PUP Pz PD) . 
(Pj sPoaesapal GP, 


@({pi, p2,...,plt}) € 28 


(ii) apair (W, R) is called an inverse hypersoft set over 
P, where W is the mapping given by UW : R > 2?, 
where P= [|g r= Pix Pa ® +e Py Here 
2? is the power set of P. Thus an inverse hypersoft 


set (W, R) over P can be represented by the set of 
ordered pairs, 


(W,R) = {(7, V(r) : rE R, V(r) € 27} (3) 


State that the set of all the hypersoft sets [inverse 
hypersoft sets] over R [P] will be denoted by HS(R) 
[THS(P)]. 


Remark 2.4: Each hypersoft set can be uniquely rep- 
resented as an inverse hypersoft set. 


Example 2.5: Let R = {r1,12,173,14, 15,1617} be the 
set of most preferred hybrid cars. Let ‘& : engine 
capacity’, “Ey : colour’, ‘&3 : fuel type’ distinct attributes 
whose attribute values belong to the sets P;, P2, P3, 
respectively. Also, let P) = {pt : smallest, pt : biggest}, 
P, = {p}: white, p>:red, pi = blue}, Ps ={p}: 
diesel}. Here, since P = [= P; = P, x P2 x P3, then 


be {(P} P23} {P1sP2>P3} Pi» P»» Ps) 
{P}. p>» P3}, (bt. P3. D3), (Pt P>. D3) 
Then; 


(i) by Definition 2.3(i), we can describe the hyper- 
soft sets as ®({p}, p9, P3}) = {r1.73, ra}, P({p} Ps» 
p3}) ={re, rate tz}  O({P]. P33} = (ra re}, 
®({p,p3,P3}) = {rs.r5.77}, (1p, 3, P§}) = 
{r4,15,77} and ®({p7, p3,p3}) = {12,173,755 U7}. 
Thus we obtain a hypersoft set 


({pt, ps, ph}. {1/1 1/13, 1/ra}), 
({P}5P3>P3}, {1/12 1/ra, 1/16 1/7}), 
({p}, p3. ph} (1/12, 1/r6}) 
({P1, Pd P3} (1/13, 1/r5, 1/r7}), 
({p}, P33} (1 /ra, 1/15, 1/r7}), 
({p?3 3, P4}s{1/12, 1/135 1/15, 1/17}) 


(, P) = 


or 


({P}> P> P35} {11,73 Tah), 
({P}> D5. P3hs {125 143 76 T7}), 

({P}> P3> P3} {12 T6}) 
({p}s Py P35} {13 75»T7})s 
({p}s D>» P3h (14. 15»17})s 

({pts Pa» 3} {12s 135 15, 17}) 
(ii) by Definition 2.3(ii), we can describe the inverse 
hypersoft sets as 


(®, P) = 


Wr) = {{Pi- Pp» P3}} 
W(r2) = {{P 1 Pos P3h {Pi> D>» Pah (Ppa Pa} 
W(r3) = {{P}> Po» P3h {Pi P2» P3}> {Pt Pa» Pst} 
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W(r4) = {1 >> P53} {P1 Ps D3} (Pt Ps P3})s 

W rs) = {{Pt>P3P3}> {Pt P>> Ps} Pi P> Pat} 

W (15) = ({P1 P2>P3}> (Pi Po Ps} 

W(r7) = {{P}.P3>P3} (Pi P2» Psh (Pi Po» P3}s 
{Pi P> P3}}- 


Thus we obtain an inverse hypersoft set 


(ri, {1/{P}> P2> P3}})> 

(ro, {1/{p}, P33} 1/{p} P> P3} 
1/{P7,P>> P3}}) 

(rs, {1/{P} Pa P3b L/{py P» P3h 
1/{P7,P>> P3}})> 

(ra, {1/{P} Po P3b L/{pp Po P3h 
1/{P7,P3> P3}})> 

(rs, {1/{P} P>P3b L/{py Po P3h 
1/{P7,P>>P3}})> 

(rs, {1/{P}, P33} 1/{P} P> P3}})> 
(rz, {1/{p}, D> P3} 1/{pp P> Pa} 
1/{P%, P3s P4}s 1/{P4> P3 P3}}) 


(W,R) = 


or 


(ri, {{P1 P > p3t})> 
(ro, {{P}, P5> P3} {Pi P2» P3}> 
{P{> P3> P3}})> 
(13 {{P}P>» Ps} {Pt Pr» P3}> 
{P{> P>» P3}})> 
(ra, {{P}>P3> P3}s {Pi P3> P3}> 
{P{> P53» P3}})> 
(155 {{P}> P2> P3} {PT P3» P3}> 
{P{>P>» P3}})> 
(res {{p}, 3, p3}s {p}, Pa P3}})> 
(rz, {{P1 P53} (P7 Pd P3} 
{Pj P>>P3} {PtP P3})) 


(W,R) = 


In the remainder of the paper, the parameters will be 
shown as (pit, pe, ae pr} = pee for convenience. 


3. Membership degrees for (inverse) hypersoft 
set theory 


In this section, the membership degrees expressed 
by decision-makers for hypersoft sets and inverse 
hypersoft sets are discussed. The concepts relational 
hypersoft membership degree and inverse relational 
hypersoft membership degree are proposed to accu- 
rately determine the membership degrees expressed in 
the range (0, 1). In addition, some properties related to 
these concepts were analysed. 
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First, let’s consider the membership degrees desired 
to be expressed in the range (0,1) by the decision- 
makers for hypersoft sets. For this, fuzzy hypersoft sets 
(Smarandache, 2018), which are actually a combina- 
tion of fuzzy sets and hypersoft sets, are proposed. 
Moreover, many proposed mathematical models are 
available (Rahman et al., 2020; Saeed et al., 2021; 
Saqlain, Jafar, et al., 2020; Zulqarnain et al., 2021). 
However, since it is a very difficult task to express 
a value in (0,1), we can talk about a possible mar- 
gin of error in the membership degrees expressed by 
decision-makers. In addition to these, it is clear that 
only values 0 and 1 are expressed by the decision- 
makers will cause less errors. For this reason, it is 
aimed to determine the membership degrees in (0, 1) 
by using only values 0 and 1 for hypersoft sets. In this 
way, we propose the concept of relational hypersoft 
membership degree, which we built with this moti- 
vation for hypersoft sets. Thus we can express the 
membership degrees in (0, 1) ofall objects correspond- 
ing to a parameter by making use of hypersoft sets that 
express an uncertainty environment. 


spare ie 3.1: Let - _ € HS(R). For rp € R\ 
a, the joe hyper- 


ey) 


powell 6 J SED yee 


ey is exp- 
(®,P) 
ressed with the help of mapping given by © : 


PRL) — [0,1). 


gevey) 


The mapping (Relational 
Hypersoft Membership Function) is given as follows: 
GQ <kj <m,1< t% <m,2 < m, fork =1,2,...,n 
and m,n > 2) 


peees. 


1 
(m= 1)(-1+ J], me) 


aa cc rj) (4) 


94689) 


> 


0, otherwise 


Te 1, Magpie stn) Oh) T Hey o(p' sto) =? 


vpi "EP 


perey 


geeeg 


(pi! oe: sn a {0, 1}. Here Hpi i 


bata 


ship cea of ®, 


Example 3.2: Let R = {1r1,12,73,174,75=m} and P) = 
(Pi) Pa = (Pp P3P2""}s Ps = (Ph P3”")- If 
®({P], Po p3}) = {ri 73, 74,75}, 
®({p}, P3> P3}) = {12.73.75}, 
®({P}P>>D3}) = {ri 72.73, 74}, 
®({p}, P)»P3}) = {11.12.7475}, 
®({p}, P3,P3}) = {r1.73, 74}, 
®({p}, p>» P3}) = {12.73.74 15} 


for P = P, x P2 x P3; then the hypersoft set (®, P) is 
written by 


({P}> Pa» Pah {115 73> 74s 15})s 
({P}> P35» P35} {125 73. 7s})s 
({P}> P33} {115 12573, rah), 
({P}> PoP} {115 12514 75})s 
({pt> P5>P3h {ris 73, rah), 
({P}s D3» P3} {125 13, 74s 75}) 


(®,P) = 


Now let’s calculate all relational hypersoft membership 


degrees for (®, P). 
For t) = 2, ty = 2, t3 = 1: 
. Lt (ef) 
Since ra=x € [R \ ®(p7’3'3)], Y (r2,7)) =0 for 
1.23 
rj € (p53): Thus we have 
(®,P) 
© ({pr73}") 
(®,P) (®,P) (®,P) 
Ae (rs ri) ae (r2, rj) + Si (ra; rj) 
_ i ees Pine ae 
~ 45 (®,P) (®,P 2 
+ v (r2, rj) + T (r2, rj) 
1,23 1,23 


Wrj € ®(p7'9'3) 
(0+14+04+1)+(1+1+1+0) 
+L 0 11) 4 0--0-- 04-0) 
+(0+1+1+4+1) 
20 


= 11/20 


Similarly, 
For t) = 1, tp = 2, t3 = 1: 


. 121 en ee 
Since r},r4 € [R\ ®(p;'33)],then © ({p7'3'3}") = 


CED iid 
7/20and © ({py3s}") = 10/20. 
Fort) =1,tf=3,t, =1: 
tty shen O (iplaliny = 
Since rs € [R \ P(p15'3)], then © ({P13'3} — 
11/20. 
Fort) =lb=1t=2: 
; 1,1,2 Co.) 1,1,2y7r3) _ 
Since r3 € [R\ ®(p7'.3)], then © ({p7'33}°) = 
13/20. 
For t) = 1, tp = 2, t3 = 2: 


: 15252 So 1,2,2\1r) _ 
Since r2, rs € [R \ ®(p13'3)], then (2) ({P1'3'3} j= 


Oe) 4. ADD 
8/20 and © ({ppy3}’) = 8/20. 
For t) = 1, tp = 3, t3 = 2: 
1,3,2 a dae 
Since r) € [R\ ®(p753)], then © ({p153}") = 
11/20. 
In addition, we can write by matrix form as 


n rn "3 m4 ts 
ee 1 11/201 1 1 
P1373 | 7/20 1 1 12 1 

(®,P)= 4 pr>3 1 1 1 1 11/20 
Pras 1 1 13/20 1 1 
a5 2/5 1 1 2/5 
Pin | 1120 4 1 1 1 


Now, let’s focus on inverse hypersoft sets, a the- 
ory based on the inverse application of the mapping 
between parameter and object set. For these sets, we 
ask the decision-makers to specify only membership 
degrees 0 and 1, as well. Similarly, we aim to deter- 
mine the membership degrees in (0, 1) by making use 
of these values. For this, the concept of inverse rela- 
tional hypersoft membership degree is proposed. Thus 
we can express the membership degrees in (0, 1) of all 
parameters corresponding to an object by making use 
of inverse hypersoft sets that express an uncertainty 
environment. 


yeas, 


hypersoft membership degree of pi" to U(r) is 
(W,R) 
expressed with the help of mapping given by & 


RP\¥) —+ [0,1). The mapping (Inverse Relational 
Hypersoft Membership Function) is given as fol- 
lows: (l<j<m, 1 < sp,tk < mp, 2 < my, for k= 
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1,2,...,nandm,n > 2) 


(W,R) [p'! sun sn 
io) ee 7 


1 
(m= 1)(-1 + [Ly me) ; 2 


EL sees tn 
1... EW (77) 


(WR) 
x bs TOF 3 | (5) 


reR 


where 
(WR) 

S] eee th. . of 
YT; (Pin Pr es ae 


pees Sn 


tytn 
fF Hem OR”) + Hem Cry") = 2 
0, otherwise 


> 


VreR 


(W,R) 
is a mapping given by Y; :[P\ W(rj)] x Y(rj) > 
{0, 1}. Here jz 7) is the membership function of W. 


Proposition 3.4: Let (®,P) € HS(R) and (W,R) € 
IHS(P). Then, 
(®,P) (®,P) 

oe (rj, rk) 


td 


Pin PL 


and 


(W,R) (W,R) 
Signs S, fss-sak Eiisesss t, SL ycvey Ss. 
Yr (Py Lon = Vr Op Pin") 


geeaglh FOE OME Dy eee 


Proof: Straightforward. a 


Example 3.5: Consider Example 3.2, we have 


Wri) = {PL P> P3} {Pi Pa» P3}) {Pi Pa» P3h 
(Pi Po Pst} 

W(r2) = {{P}>P3>P3}> (P1P» Ps} (Pi Pr» P3}s 
(Pi P2> P3}}> 

W(r3) = {{P} P>> P3}> {Pi P> P3}s (PL P2» P3}s 
{Pi} P33} {Pi Po» P3}}> 

W (ra) = {{P1P> P3} {P1 Pa» P3} {Pi Pa Ph 
{P} P3>P3} {Pi P>> P3}}> 

W (rs) = {{P}.P2> Ps} (PP P3h Pi Pr» P3}s 
(Pi >> P3}}- 
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Thus the inverse hypersoft set (W, R) is written by 


(r1, {1 P2» Ps} (P]> Po P3}> 
{P}> Pd» P3h {Pi Ps P3}))> 
(r2, ({P} D3 P3}> {Pi P>» P3}> 
{P1> P>» P3}> {P} D3 P3}))> 
(rs, ({P] Po» P3}s {Pi Po P3}> 
{P}> P>> P3}> {P}> o> P3}s (Pi Pa» P3}})s 
(ra, {{P1 Po» P3h (Pi P>» Ps} {P}> Pr P3}> 
{P}> P3>P3} {Pi P>» P3}})> 
(155 {{P}>P>P3} {Pi Po» P3}> 
{p}, Pp, p3}s {pt Pas P3}}) 
Now let’s calculate all inverse relational hypersoft 
membership degrees for (W, R), 
For rj=;j: 
Since Piss E on W(r1}=;)] for s; = 1, sy = 2 and 


(W,R) = 


s3 = 1; then x (pl2t, pinkey — 6; dor pee stats 
W(r,). Thus we have 
"E (+ ") 
12,1 ,.titast 
Yn Phd iss s) 
12,1. ttost 
= eal “Ge Tn “eh2h, pees oy 
4.5 1,2,1 ,ttast 
+ Ye (P1'33Pi23) 


12,1 .thstrts 
+t, (P123>P123 ) 


ty,t2,t: 
VP133 Fe Wr) 


0+1+1+0+0)+04+1+0+1+0) 
+0+04+0+0+0)+(0+0+1+0+0) 


20 

= 7/20 
Similarly, 

For ry: 

(YR 1,3,2 

Since ph} ¢[P\W(n)], then © (rp!*!) = 
11/20. 

For r2: 

(W,R) 111 
Since Pian Pias €[P\W(r)], then & (ri?) 
1,2,2 

= 11/20 and 2 (7?) = 8/20, 


For rs: 


231 


(w 
Since py’; € [P\ W(r3)], then S of “y= 


13/20. 
For r4: 
pio 
Since py33 €[P\ W(r4)], then (rt 123!) = 


10/20. 


For rs: 

Sj 13,1 ,.1,2,2 a. (pio 

ince Pi2a-Pi23 © [P \ W(rs)], iat co) wa. ) 
1,2,2 


= 11/20 and 2 (7?) — g 720, 


In addition, we can write by matrix form as 


(PiP>P3} {PiP3P3} {Pi-P3P3} 
r 1 7/20 1 
r. | 11/20 1 1 
n= r3 1 1 1 
r4 1 1/2 1 
15 1 1 11/20 
{Pi>P>P3} {Pi P5.P3} {pi P>.P3} 
1 1 11/20 
1 2/5 1 
13/20 1 1 
1 1 1 
1 2/5 1 


Remark 3.6: Consider Examples 3.2 and 3.5, the com- 
parison of the results obtained is as follows: 


1,1,1 


“oO OiRi = m0 0  (pPt23)), 


OP). Aden [p13] 
“6 ‘phe ) = 7/20 = 7/20 = 2 or! ) 


“O (prey) = 1/2 =1/2 = acta, 


[p12'3] 


“O ‘peely) = 11/20 = 11/20 = G a! ), 
LLlyry [py 33] 
“O ‘Uphey = aime S at ), 
LLlyny _ = ee [p13] 
o. ‘Upeey ) = 2/5 =2/5= 2 or! )s 
Pe oe Tes _ _ gles 
“O ‘prey )= 2/5 =2/5= “E ys 
1,3,2 


SO (phy) = 11/20 = 120 = 8 (rl?) 


Moreover, the matrix representations of the results 
obtained are transposes of each other. 


Proposition 3.7: Let (®,P) € HS(R) and (W,R) € 
IHS(P). Then, 


for l<b<m, or an 
m,n > 2. 


.,n and 


Proof: This proof is easily obtained from Defini- 
tions 3.1 and 3.3. a 


4. The proposed decision-making approaches 


In this section, two novel decision-making algorithms 
for uncertainty problems are proposed based on the 
concepts proposed in the previous section. 

First, a decision-making algorithm based on the 
concept of relational hypersoft membership degree, 
which we propose for hypersoft sets, is constructed as 
follows: 


Algorithm 1 Determine the best object based on a 
hypersoft sets. 
Require: R= {rj,12,...1T.. 


BPP ye seePy 


sy Tits Py = 
P=[)[,4Fe for 


l<th<mp, 1<t<m, k=1,2,...,n and 
m,n > 2 
Step 1: Input the hypersoft set (®, P) € HS(R) as 
follows: 

(®,P) = (PL COLA): PA" © P, 


gineglh 2% EB Dy cacy 


opis) e 2") 


Step 2: Calculate all relational hypersoft member- 
ship degrees using the hypersoft set. 

(®,P) 
Step 3: Calculate the @ (rz) of objects r;: 


(®,P) 


aieey 


(®,P) 


Step 4: Find x, for which @ (rn) = 


(®,P) 
max{ @ (r;):1<t<m}. 


Now, let’s give an example to show the principles 
and steps of Algorithm 1 in an environment of uncer- 
tainty: 


Example 4.1: Suppose a person wants to buy a 
house. For this purpose, he/she has determined 
some houses that he/she thinks are most suitable 
for him/her, and the set of these houses is R= 
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{r1, 12,1314, 1s, 76}. In order to determine the most 
suitable house for this person, we must analyse 
the parametric values of the houses. Let the dis- 
tinct parametric values chosen for the determined 
houses be expressed as ‘& : sizes’, “E : costs’, ‘&3 : 
warming type’, “Eq : house eapenses per month and 
a values are as as Py = (PI: small, pj; : large}, 
= {p} : cheap, p> : economic, p; = expensive}, P; = 
ie : air conditioning}, P4 = {pi : much, p; : little}; 
respectively. Then, for P = []j_, Pi, 
oa PL2sPL2s4PL2s4PL234 PL2s4PL2a% | 
2,3,4°P1,23,4 P123,4 P1234 P1234 P1234 


Step 1: We can express the evaluation result of these 
values for the houses with the help of a hypersoft set as 
follows: 
(py : ie a {115125 735155 6}), 
(Py Pave {11,135 14, 76}), 
(ee 2, 3, " {r2, 73,15, 16}) 
(133 23, {r1, 12,73, 14}), 
(py 2, ee " {r3, 14,15, 76})> 
(®, P) = Pips 3, p (T1735 755 76}) 
(py 23,4) (tis Tos Tas PSa%6))> 
(P13 2, 3 " {r1, 13,14) 15}); 
(PT? 5, : " {r2, 13, 14, 15}) 
(pr : me a l(ristastas ts), 
(P13'3 r {71,73, 74,15, 6h)» 
(P7133 ze {r2, 13,14, 15 6}) 


Step 2: For (®, P), since 

rats € [R\ ®(py'5'34)] 
rs.%6 €[R\ ®(py3'374)) 
rs 74 € [R\ ®(py3'34)) 

rate €([R\ B(p7 337) 
rato €(R\ B(p7 337) 

re [R\ O@r73)h 


re € [R\ (pp 734) 
1,2,1,1 
ri,r4 € [R\ D(p; 734) ]> 
rst € [R\ ®(py533'4)] 
rs €([R\ Opry yD) 
rte €[R\ OP y34)) 
ro € [R\ Opry x4)] 
then 
(®,P) 
O (i 2755, 
(®,P) 
© ({pp243)") = 18/55, 
(®,P) 
© ((py23i4)"5) = 28/55, 


“O ‘phan nN) = 24/55, 
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"0 (PISA) = 2/5, 
"8. (UpLaay) = 27/55, 
“Scolar = 21/5, 
"© (PLRAN") = 23/55, 
© (pS = 4/11, 
"© ((pi34ay) = 4/11, 
© (PIRARY) = 23/55, 
©. (RSA) = 36/55, 
"0 (Woah) = 4/11, 
OPERA) = 24/55, 
“8 (pRShN") = 2/5 
0 (PISA = 23/5, 
"8 (p32) = 2/5, 
"© (DEB = 23/55, 
© (ERS) = 24/55, 


(®,P) 
© ({ppyya}"!) = 27/55. 


(®,P) 
Step 3: The value @ (r1) for rj=z is calculated as 
follows: 


(®,P) 
De = DP) Heeptesiny (td) 
Vp" EP 
_ f 141+ 24/55 +14 23/5541 
| aE de e075 4 14-9755 
= 10.836. 
Similarly, 
(®,P) (®,P) 
@ (r2) = 8.854, @ (13) = 11.654, 


(®,P 


) (®,P) 
@ (ra) = 9.709, =@ (rs) = 11, 
(®,P) 


@ (16) = 9.654. 


(®,P) (®,P) 
Step 4: Since @ (r3) = max{ Q (7): 1<t<m}= 
11.654, we find that r3 is the best house choice. 


Second, a decision-making algorithm based on the 
concept of inverse relational hypersoft membership 
degree, which we propose for inverse hypersoft sets, is 
constructed as follows: 


Algorithm 2 Determine the best object based on an 
inverse hypersoft sets. 


Require: R = {r],12,...1j,---5Tm}> 
{Pie D est pit, 0 bh, P=[iyhe tor 
lekham, Pajsm k=1,2,0..,.08 and 
m,n > 2 
Step 1: Input the inverse hypersoft set (W,R) € 
IHS(P) as follows: 


(W,R) = {(rj, V(r) : 7) € R, Wj) € 2°}. 


Step 2: Calculate all inverse relational hypersoft 
membership degrees using the inverse hypersoft 
set. 


(W,R) 
Step 3: Calculate the & (rj) of objects 77: 


(YR) 


Bip= Yo pw Cnet 


where 


Jeers 


= (Y,R) Fae 1 1 
1) (+ oe ; Din eP\ VG) 


(YR) 


Step 4: Find x, for which @ (rm) = 


(W,R) 
max{ @ (rj): 1 <j < m}. 


Proposition 4.2: Let (®,P) € HS(R) and (W,R) € 
IHS(P). Then, 


(®,P) (W,R) 
i) P*= @wm;vre “i 
(ii) H gpl ny (1) = hyn (Py) for lsh < mp 


..,nandn>2,VreR. 


Proof: It can be proved simply. a 


Now, let’s give an example to show the principles 
and steps of Algorithm 2 in an environment of uncer- 


tainty: 


Example 4.3: Consider Example 4.1. Then, 


Step 1: The inverse hypersoft set (W,R) that 
expresses the current uncertainty situation is given by 


LLL1 1,112 41,212 ..1,3,1,2 
(r1; Pi, 234 Pi, 2.3.4 P1230 »P 1.23.4 
Piso Pi 2s4Pi3.34 Pyasa)» 
ijl 1,2,1,1 7-1,2,1,2" 73,111 
(12, (Puasa Paha PUI ha PLa3 
PBT 2272 ‘) 
4) 


Pigs Prosar P13.5, 


P23 menage 
iig “i310 "13,10 ~ 31,12 


>) P1223, PL, 23.4 PI, 23.49P123.4 ( |> 


371 2371 2372 
(UW, R) = Pia Pi 
»K) = Ti12 312 73 21 


(r. ee (Pr, paw Pl, ous P1238 
oe :: 3 PL 236 PI, 2, pe Pisa) 
PUI PL23b Las P23 


w 


ro) PigiyPiaapPiaay 
P1234 P1234 P1234 
(r6, (Pins Paap Phage Plas 
Pr rea Dery ere ee eve 


Step 2: For (W, R), since 
1,211 ,.1,3,1,1 ..2,2,1,1 ..2,3,1,2 
PL 234 P1234 P1234 P1234 © [P\ Y(r)I 


11,12 ,.1,3,11 41,312 21,12 ..2,3,)1 
P1234 P1934 P1239 P1234 P1234 € IP \ V(r] 


Pras € [P\ WCrs)], 
1141 1210 1,312 .3212 

PY 34 P12'3'v P1234 Pi234 © [P \ V(ra)], 
11,12 .1,2,12 

Pir 34 P1234 € LP \ Y(rs)], 


1,2,1,2 ,.21,1,2 ,.2,21,1 ,.2,2,1,2 : 
PLD 3 P12'3'p P1234 P1234 © LP \ Y(r6)]s 


then 
Ne (ries y= 24/55, “Er Puasa), = 23/55, 
Me ia3a )=2/5, 2 ¢r Dniasal) = 27/55, 
eg lets = 18/55, “S (fPi234y < ay, 
OO told ait oe é (Piasaly _ = 4/11, 
(Ue) (lat _ 94755, “s" (rlPi234) — 36 7/55, 
Me (288) < 97/55, WE (rlP234)) = ays, 
(WAR) [ph3t2 EF eee 


52,3,4 ) = 23/55, 2) a 1234)y = 2/5; 
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(YR 1,1,1,2 (WR 1,2,1,2 
SZ plPizsaly _ o9755,  S ‘6 Pras!) _ 97755, 
(WAR 12:12) (W,R) 2,1,1,2 
S) CG Pras!) _ 91/55, Sr lPiasal) _ 94755, 
(WR (WR) [p22h2 


co) gla 284) _ 93/55, S (r¢ sah) _ 93/55, 


(WR) 
Step 3: The value € (11) for r=; is calculated as 


follows: 


(W,R) 
Bm= YL syn Oh 
vp" EP 
_ f 1414 24/55+1+423/55 +1 
~ | $l +14+2/5+1+1+ 27/55 
= 10.836. 
Similarly, 
(Y,R) (WR) 
@ (12) = 8.854,  @ (13) = 11.654, 
(W,R) (W,R) 
® (ras) = 9.709, = @ (rs) = 11, 
(W,R) 
@ (16) = 9.654. 
(Y,R) (Y,R) 


Step 4: Since @ (r3) = max{ @ (rj): 1 <j<mj}= 
11.654, we find that r3 is the best house choice. As a 
result, we determine that r3 is the most suitable house 
for the assumed problem. 


Remark 4.4: In (inverse) hypersoft sets, the member- 
ship degree of an object (a parameter) is 0 or 1. Thanks 
to this paper, we can express this membership degree 
in the range (0, 1). Therefore, the proposed decision- 
making algorithms are better for achieving near-ideal 
results than all existing algorithms for (inverse) hyper- 
soft sets. Some results for the algorithms given in this 
paper can be given as follows: 


(i) The decision-making process for the current 
uncertainty problem usually focuses on objects 
providing parameters or parameters providing 
objects. In both cases, it focuses on one correct 
result. In this case, Algorithms 1 and 2 are equiv- 
alent. In other words, no matter which algorithm 
is chosen, the same result is achieved. 

(ii) The basis of the proposed decision-making app- 
roaches is the hypersoft set and the inverse hyper- 
soft set. Therefore, Algorithms 1 and 2 can be 
applied to many mathematical models such as 
(plithogenic) fuzzy hypersoft sets (Smarandache, 
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2018), (plithogenic) intuitionistic fuzzy hyper- 
soft sets (Smarandache, 2018), (plithogenic) neu- 
trosophic hypersoft sets (Smarandache, 2018), 
plithogenic (crisp) hypersoft sets (Smarandache, 
2018), single and multi-valued neutrosophic 
hypersoft sets (Saqlain, Jafar, et al., 2020), com- 
plex multi-fuzzy hypersoft sets (Saeed et al., 
2021), pythagorean fuzzy hypersoft sets (Zulqar- 
nain et al., 2021), neutrosophic parameterised 
hypersoft sets (Rahman et al., 2021) and hypersoft 
expert sets (Ihsan et al., 2021). 


5. Conclusion 


Soft sets, which were put forward to deal with uncer- 
tainty problems based on parametric data, have led 
to the construction of many mathematical models. 
Hypersoft sets, which is one of these mathemati- 
cal models, is a generalisation of soft sets and has 
become more preferred due to the increasing num- 
ber of parameters in uncertainty problems. However, 
in this set model, the membership degree of an object 
is expressed as 0 or 1. In order to express the member- 
ship degrees in the range (0, 1), various fuzzy hybrid 
models of hypersoft sets were constructed. However, 
the determination of membership degrees in the range 
(0,1) is focused on the decision-maker. Therefore, 
in this paper, the concepts relational hypersoft mem- 
bership degree and inverse relational hypersoft mem- 
bership degree are proposed to express these values 
independently of the decision-maker. Some examples 
are given for a better understanding of these con- 
cepts. Moreover, two algorithms are proposed so that 
the proposed concepts can be used in the decision- 
making process. Finally, an analysis based on the pro- 
posed algorithms is given. We hope that the concepts 
given in this paper can be useful in expressing future 
mathematical models more independently of the 
decision-maker. 
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